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film endowed with excellent conductivity and transpar- 
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for forming, by way of coating, transparent conductive 
film predominantly containing tin oxide, contains stannic 
acid as its major component, and a water-soluble poly- 
mer having a polar group which is dissolved in the pres- 
ence of at least one compound selected from the group 
consisting of ammonia and water-soluble amines. 
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Description 

Technical Field 

5 [0001] The present invention relates to a coating solution for forming, on a substrate such as a glass or ceramic 
substrate or on an object, transparent conductive tin oxide film predominantly containing tin oxide, as well as to a 
methodfor producing the solution. The present invention is useful for producing components of electromagnetic shields, 
infrared-ray-reflectors, solar cells, liquid crystal displays (LCDs), plasma display panels (PDPs), electrodes of electro- 
luminescent devices, and freezer showcases, or for producing anti-fogging electric heater glass panels employed in 

10 aircraft carriers. Particularly, the present invention is suited for a variety of applications such as transparent electrodes 
used in display devices; e.g., LCDs and PDPs; prevention of charging phosphor activated by a low-speed electron 
beam; conversion of fluorescent tubes to those of a rapid-start type (inner surface coating); surface electrodes of 
imaging tubes; surface electrodes of fluorescent tubes; homogenization of electric charge on the surface of phosphors 
used in a PDP; and prevention of charging synthetic fiber. In addition, the invention is useful for hard film material and 

15 applications suitable for high-refractive and high-reflective properties. 

Background Art 

[0002] Conventionally, electrode materials having high transparency to visible light have been used in electrodes of 
20 display devices such as liquid crystal display devices, plasma display panels, and electroluminescent devices and 
have served as resistance heaters for preventing fogging and freezing of window panes of, for example, automobiles, 
aircraft, and buildings. Among such transparent conductive materials, compounds such as antimony-containing tin 
oxide (ATO) and tin-containing indium oxide (ITO) are known to serve as transparent conductive material, and, inter 
alia, ITO is widely used, in view of properties such as low specific resistance. However, since tin oxide exhibits superior 
25 stability under high-temperature and high-voltage conditions as compared with ITO, extensive studies have been per- 
formed on the formation of transparent conductive tin oxide film exhibiting properties which are comparable to those 
of ITO. 

[0003] Several methods for forming tin oxide film; i.e., (1) sputtering, (2) spraying, and (3) CVD, have been known. 
When any of the methods (1) to (3) is employed, formation of tin oxide thin film on a large-area substrate is difficult. 
30 When a uniform, thin film is to be formed on such a substrate, a coating method is suitably employed. The coating 
method is advantageous in that thin film can be formed by use of a comparatively simple apparatus as compared with 
a complex and expensive apparatus for carrying out sputtering or a similar coating method. Thus, extensive studies 
have been carried out on the above application method. 

[0004] One known coating method is a method involving application of an organic tin compound serving as raw 
35 material, to thereby form thin film. However, disadvantageously, carbon remains in theformed thin film, sincethe coating 
solution predominantly comprises organic compounds. 

[0005] Among coating methods, another known coating method is a sol-gel method involving hydrolysis and poly- 
condensation of a metal alkoxide. This method attains comparatively easy control of the composition of the film to be 
formed, and therefore, has been extensively investigated in connection with formation of thin film having excellent 
40 uniformity in film properties. However, the metal alkoxide is generally expensive, and carbon disadvantageously re- 
mains in the produced thin film. 

[0006] Although coating methods are suitable for forming uniform thin film also on a large-area substrate, as men- 
tioned above, when the film is formed through a conventional coating method, there arise problems in the generation 
of pinholes and of microcracks due to carbon remaining in the produced thin film. 

45 [0007] From another point of view, stannic acid is known to dissolve in an ammonia solution (Ullmann's Encyclopedia 
of Industrial Chemistry, Encyclopaedia Chimica, etc.). In this connection, Japanese Patent Publication (kokoku) No. 
5-43647 discloses a method of producing conductive film by applying an ammonium stannate solution to a substrate. 
[0008] However the conductive film as disclosed in the aforementioned patent publication exhibits a surface resis- 
tivity of 5 x 10 5 (QJ\Jj, which is 100 times or more that of tin oxide film formed through a previously known coating 

50 method. Thus, such conductive film cannot be put into practice. 

[0009] In view of the foregoing, an object of the present invention is to provide a coating solution for forming trans- 
parent conductive tin oxide film, which solution is prepared from an inexpensive tin compound such as tin chloride 
serving as a raw material and can provide tough tin oxide film endowed with excellent conductivity and transparency. 
Another object is to provide a method for producing transparent conductive tin oxide film. Still another object is to 

55 provide a transparent conductive tin oxide film. 



2 



EP 1 152 040 A1 



Disclosure of the Invention 

[0010] In order to solve the aforementioned problems, in a first mode of the present invention, there is provided a 
coating solution for forming transparent conductive tin oxide film, which solution is intended to be used for forming, 
5 through a coating method, transparent conductive film predominantly containing tin oxide, characterized by comprising 
an aqueous solution containing stannic acid as its major component, and a water-soluble polymer having a polar group, 
which polymer is dissolved in the aqueous solution in the presence of at least one compound selected from the group 
consisting of ammonia and a water-soluble amine. 

[001 1] In a second mode of the present invention, there is provided a coating solution for forming transparent con- 
10 ductive tin oxide film according to the first mode, wherein the stannic acid is obtained by dissolving, in water, a hydroxide 
(stannic acid) obtained through hydrolysis of atin compound selected from the group consisting of tin halides, organotin 
halides, stannate salts, and esters containing tin. 

[0012] In athird mode of thepresent invention, there is provided a coating solution forformingtransparent conductive 
tin oxide film according to the second mode, wherein the tin compound is a tin chloride. 

15 [0013] In a fourth mode of the present invention, there is provided a coating solution for forming transparent con- 
ductive tin oxide film according to any one of the first to third modes, wherein the water-soluble polymer having a polar 
group is at least one species selected from the group consisting of polyvinyl alcohol) (PVA), polyvinylacetamide (PN- 
VA) ; polyvinylformamide (PNVF), polydimethylacrylamide (PDMAA), poly aery I amide (PAAM), polyacrylmorpholine 
(PAM) ; hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), and carboxymethyl cellulose (CMC). 

20 [0014] In a fifth mode of the present invention, there is provided a coating solution for forming transparent conductive 
tin oxide film according to any one of the first to fourth modes, wherein the water-soluble polymer having a polar group 
is contained in an amount of 0.1-5 wt.%. 

[0015] In a sixth mode of the present invention, there is provided a coating solution for forming transparent conductive 
tin oxide film according to any one of the first to fifth modes, wherein the pH of the solution is 1 0 or more. 
25 [0016] In a seventh mode of the present invention, there is provided a coating solution for forming transparent con- 
ductive tin oxide film according to any one of the first to sixth modes, wherein the water-soluble amine is at least one 
species selected from the group consisting of tetramethylammonium hydroxide, triethylamine, diethylamine, trimeth- 
ylamine, and dimethylamine. 

[0017] In an eighth mode of the present invention, there is provided a coating solution for forming transparent con- 
so ductive tin oxide film according to any one of the first to seventh modes, wherein the solution contains, as a dopant, a 
water-soluble compound containing at least one of antimony, bismuth, and niobium. 

[0018] In a ninth mode of the present invention, there is provided a coating solution for forming transparent conductive 
tin oxide film according to any one of the first to eighth modes, wherein the solution contains a water-soluble organic 
compound containing fluorine as a dopant. 

35 [001 9] I n a tenth mode of the present invention, there is provided a transparent conductive tin oxide film, characterized 
by being formed by dissolving a water-soluble polymer having a polar group in an aqueous solution containing stannic 
acid as its major component and in the presence of at least one compound selected from the group consisting of 
ammonia and a water-soluble amine, to thereby form a transparent coating solution; applying the coating solution onto 
an object; and drying and heating the object to yield a tin oxide film. 

40 [0020] In an eleventh mode of the present invention, there is provided a transparent conductive tin oxide film ac- 
cording to the tenth mode, wherein the water-soluble polymer having a polar group is at least one species selected 
from the group consisting of polyvinyl alcohol) (PVA), polyvinylacetamide (PNVA), polyvinylformamide (PNVF), poly- 
dimethylacrylamide (PDMAA), polyacrylamide (PAAM), polyacrylmorpholine (PAM), hydroxyethyl cellulose (HEC), hy- 
droxypropyl cellulose (HPC), and carboxymethyl cellulose (CMC). 

45 [0021] In a twelfth mode of the present invention, there is provided a transparent conductive tin oxide film according 
to the tenth or eleventh mode, wherein the film contains, as a dopant, a water-soluble compound containing at least 
one of antimony, bismuth, and niobium. 

[0022] In athirteenth mode of the present invention, there is provided atransparentconductivetin oxidefilm according 
to any one of thetenth to twelfth modes, wherein thefilm contains a water-soluble organic compound containing fluorine 
50 as a dopant. 

[0023] In a fourteenth mode of the present invention, there is provided a transparent conductive tin oxide film ac- 
cording to any one of thetenth to thirteenth modes, wherein the film has a specific resistance of less than 1 x 1 0" 2 £2-cm. 
[0024] In a fifteenth mode of the present invention, there is provided a method for producing transparent conductive 
tin oxide film, characterized by comprising dissolving a water-soluble polymer having a polar group in an aqueous 
55 solution containing stannic acid as its major component and in the presence of at least one compound selected from 
the group consisting of ammonia and a water-soluble amine, to thereby form a transparent coating solution; applying 
the coating solution on an object, to thereby form a coating film; and drying and heating the coating film, to thereby 
form transparent conductive tin oxide film. 
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[0025] In a sixteenth mode of the present invention, there is provided a method for producing transparent conductive 
tin oxide film according to the fifteenth mode, wherein the transparent coating solution comprises a hydroxide (stannic 
acid) dissolved in the solution, which hydroxide has been obtained through hydrolysis of a tin compound selected from 
the group consisting of tin halides, organotin halides ; stannate salts, and esters containing tin. 

5 [0026] In a seventeenth mode of the present invention, there is provided a method for producing transparent con- 
ductive tin oxide film according to the sixteenth mode, wherein the tin compound is a tin chloride. 
[0027] In an eighteenth mode of the present invention, there is provided a method for producing transparent con- 
ductive tin oxide film according to any one of the fifteenth to seventeenth modes, wherein the water-soluble polymer 
having a polar group is at least one species selected from the group consisting of polyvinyl alcohol) (PVA), polyviny- 

10 lacetamide (PNVA), polyvinylformamide (PNVF), polydimethylacrylamide (PDMAA), polyacrylamide (PAAM), poly- 
acrylmorpholine (PAM) ; hydroxyethyl cellulose (HEC) ; hydroxypropyl cellulose (HPC), and carboxymethyl cellulose 
(CMC). 

[0028] In a nineteenth mode of the present invention, there is provided a method for producing transparent conductive 
tin oxide film according to any one of the fifteenth to eighteenth modes, wherein the water-soluble polymer having a 

15 polar group is contained in an amount of 0.1-5 wt.%. 

[0029] In a twentieth mode of the present invention, there is provided a method for producing transparent conductive 
tin oxide film according to any one of the fifteenth to nineteenth modes, wherein the water-soluble amine is at least 
one species selected from the group consisting of tetramethylammonium hydroxide, triethylamine, diethylamine, tri- 
methylamine, and dimethylamine. 

20 [0030] In a twenty-first mode of the present invention, there is provided a method for producing transparent conductive 
tin oxidefilm accordingto any one of the fifteenth to twentieth modes, wherein the transparent coating solution contains, 
as a dopant, a water-soluble compound containing at least one of antimony, bismuth, and niobium. 
[0031] In a twenty-second mode of the present invention, there is provided a method for producing transparent con- 
ductive tin oxide film according to any one of the fifteenth to twenty-first modes, wherein the transparent coating solution 

25 contains a water-soluble organic compound containing fluorine as a dopant. 

[0032] In a twenty-third mode of the present invention, there is provided a method for producing transparent con- 
ductive tin oxide film according to any one of the fifteenth to twenty-second modes, wherein the coating film is dried 
at 90°C to 100°C. 

[0033] In a twenty-fourth mode of the present invention, there is provided a method for producing transparent con- 
so ductive tin oxide film according to any one of the fifteenth to twenty-third modes, wherein the coating film is heated at 
400°Cto 700°C. 

[0034] The present inventors have carried out extensive studies in an effort to form a transparent coating solution 
which is an essential material for a coating method, and have found that a specific transparent aqueous solution con- 
taining stannic acid can be suitably employed as a coating solution in a coating method, the transparent aqueous 

35 solution being prepared by hydrolyzing a tin compound such as tin chloride, to form tin hydroxide (stannic acid) pre- 
cipitates; dissolving the precipitates in water in the presence of at least one compound selected from the group con- 
sisting of ammonia and a water-soluble amine, to thereby form an aqueous solution; and dissolving in the aqueous 
solution a water-soluble polymer having a polar group. The present invention has been accomplished on the basis of 
this finding. Although formation of conductive film through the application of a stannic acid solution has previously been 

40 attempted (Japanese Patent Publication (kokoku) No. 5-43647), the formed conductive film exhibits a surface resistivity 
of as high as 5 x 1 0 5 (H/D), which is 1 00 times or more that of tin oxide film formed through a previously known coating 
method. In addition, when such a stannic acid solution is directly applied so as to form tin oxide film, the formed film 
has poor toughness. 

[0035] Hitherto, conductive film attaining a practical level of conductivity and toughness has been neither produced 
45 nor put into practice. However, the present invention has now realized, on the basis of an addition of a water-soluble 
polymer having a polar group to a solution of stannic acid dissolved in an ammonia solution or an amine solution at a 
pH of 1 0 or higher, formation of transparent conductive tin oxide film endowed with a practical level of conductivity and 
toughness. 

[0036] The present invention enables formation of high-quality but considerably inexpensive transparent conductive 
50 tin oxide film having good transparency and film properties. In addition, since in the present invention a customary 
coating method can be employed to attain easy production of the film, production costs can be reduced and the pro- 
duced film can find a wide range of uses and applications. 

[0037] Since the coating solution for forming transparent conductive tin oxide film according to the present invention 
contains stannic acid and a water-soluble polymer having a polar group, the formed transparent conductive film adheres 
55 to a substrate in a favorable state, due to the polar group, and is endowed with high density. In addition, the coating 
solution contains no organotin compound other than stannic acid and is applicable to a substrate or other objects in 
the form of transparent solution, to thereby form transparent conductive tin oxide film containing no defects such as 
pinholes, micro-cracks, or voids. 
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[0038] No particular dopant is required to be incorporated into the coating solution forforming transparent conductive 
tin oxide film according to the present invention, unless enhancement of conductivity is required. However, a hydroxide 
of a metal selected from at least one of antimony, bismuth, and niobium may be used. The combination of antimony 
and bismuth or the combination of antimony and niobium is preferred. Such a doped coating solution forforming trans- 
5 parent conductive tin oxide film can form transparent conductive tin oxide film endowed with good conductivity. 

[0039] Furthermore, a dopant converting to an anion; e.g., fluorine, may also be used. Fluorine may be added to a 
coating solution in the form of water-soluble organic compound containing fluorine. 

[0040] No particular limitation is imposed on the method for producing the coating solution for forming transparent 
conductive tin oxide film according to the present invention, so long as the solution is produced by dissolving stannic 

10 acid in the presence of at least one compound selected from the group consisting of ammonia and water-soluble 
amines. For example, a compound forming a hydroxide (stannic acid) through hydrolysis; e.g., a tin compound selected 
from the group consisting of tin halides. organotin halides, stannate salts, and esters containing tin, is hydrolyzed, to 
thereby form a hydroxide (stannic acid). The formed hydroxide (stannic acid) is optionally separated through filtration 
and dissolved by converting the medium to an alkaline medium. 

15 [0041] A tin chloride may be used as the tin compound, with tin(IV) chloride being particularly preferred, since the 
tin chloride is hydrolyzed, to thereby readily produce precipitates of tin hydroxide. 

[0042] In the present invention, the precipitates are separated through filtration in accordance with needs and are 
dissolved by adding at least one compound selected from the group consisting of ammonia and water-soluble amines 
so as to adjust the pH to 10 or higher, preferably 10.8 or higher, to thereby yield a coating solution in which stannic 
20 acid is dissolved. Although dissolution of tin hydroxide can be carried out at ambient temperature, dissolution may be 
carried out at elevated temperature in accordance with needs. In addition, formation of tin hydroxide through hydrolysis 
and dissolution of the hydroxide can be carried out in a sequential manner. 

[0043] No particular limitation is imposed on the water-soluble amine, and any amines can be used, so long as the 
amines have a moderate basicity. Examples of such amines include tetramethylammonium hydroxide, triethylamine, 
25 diethylamine, trimethylamine, and dimethylamine. 

[0044] However, even though the medium is converted to an alkaline medium, in uses involving formation of trans- 
parent conductive film, presence of metal ions adversely affects conductivity of formed transparent conductive film. 
Thus, use of sodium hydroxide or potassium hydroxide is not preferred. 

[0045] Regarding ammonia and a water-soluble amine, ammonia; e.g., approximately 25% ammonia solution, is 
30 preferably used. When an ammonia odor is to be prevented, a compound such as tetramethylammonium hydroxide is 
preferably used. 

[0046] Upon addition of a dopant for imparting conductivity to the coating solution for forming tin oxide according to 
the present invention, a compound which generates through hydrolysis a hydroxide; e.g. antimony halide, bismuth 
halide, or niobium halide, is added to a tin compound. These compounds are hydrolyzed with the tin compound, to 
35 thereby form a hydroxide. Alternatively, a metal hydroxide serving as a dopant is prepared in addition to tin hydroxide, 
and the prepared metal hydroxide may be dissolved together with tin hydroxide by an alkaline agent. 
[0047] Examples of preferred tin compounds for producing the coating solution for forming transparent conductive 
tin oxide film according to the present invention include tin(IV) chloride. However, needless to say, the tin compounds 
are not particularly limited. 

40 [0048] Examples of antimony compounds which are preferably employed as dopants include antimony trichloride 
and antimony pentachloride. In addition, other antimony compounds such as antimony sulfate can also be used. More 
preferably, in addition to antimony, another metal compound serving as a second dopant is used. The preferred second 
dopant is a bismuth compound, with bismuth chloride being more preferred. 

[0049] The amount of the added dopant, which varies in accordance with the target conductivity, will be described. 

45 When a tin compound (A) and an antimony compound (B) are employed, a ratio of atomic Sn to atomic Sb (A : B) 
generally falls within 90-98 : 1 0-2, preferably 93-97 : 7-3. When the antimony is used in an amount less than the lower 
limit of the above range, sufficient conductivity cannot be attained, whereas when the amount is in excess of the upper 
limit of the range, disadvantageously, precipitation might occur in a solution used for forming transparent conductive 
tin oxide film, and visible light transmittance of the formed transparent conductive tin oxide film might decrease. 

50 [0050] Fluorine can also be employed as a dopant. In this case, a water-soluble organic compound containing fluorine 
is added to the coating solution to be doped. Although the amount of fluorine is not particularly limited, the amount 
based on tin is preferably 1-7 mol%. 

[0051] Examples of the water-soluble polymer having a polar group and to be used in the present invention include 
polyvinyl alcohol) (PVA), polyvinylacetamide (PNVA), polyvinylformamide (PNVF), polydimethylacrylamide (PDMAA), 
55 polyacrylamide (PAAM), polyacrylmorpholine (PAM), hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), 
and carboxymethyl cellulose (CMC). 

[0052] A suitable water-soluble polymer having a polar group can be selected as appropriate from the above poly- 
mers. However, polymers which are as stable as possible at a pH of 10 or higher are preferably selected. In other 
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words, water-soluble polymers which decompose or are denatured at a pH of 1 0 or higher are not preferably used, in 
view of stability of the coating solution. 

[0053] For example, use of PVA (in the present invention , PVA also refers to saponified products of polyvinyl acetate) 
and saponified products of modified polyvinyl acetate)) occurs a problem. Specifically, when a typically used PVA of 
5 having a saponification degree of 86 is used, acetic acid released from the PVA neutralizes ammonia or a water-soluble 
amine, to thereby lower pH and precipitate stannic acid. 

[0054] In such a case, if ammonia or a water-soluble amine is further added so as to maintain the pH at 1 0 or higher, 
no problem would occur. However, use of completely saponified PVA is preferred, because a coating solution containing 
completely saponified PVA exhibits high stability and can be stored for a long period of time. 
10 [0055] Such a water-soluble polymer having a polar group is added generally in an amount of approximately 0.1-5 
wt.%, depending on the type of polymer. The water-soluble polymer may be added to the coating solution until appli- 
cation of the coating solution is effected. 

[0056] In the coating solution according to the present invention for forming transparent conductive tin oxide film, 
the water-soluble polymer having a polar group serves as a film-formation aid, to thereby form tin oxide film having a 
15 thickness of a practical level and having high toughness and conductivity. In addition, modifying the amount of the 
added water-soluble polymer can attain control of the film thickness in a desirable manner, which has been difficult to 
attain through previously known direct coating methods. Furthermore, conductive film having a thickness of 500 nm 
or more can be formed through a one-batch application step. 

[0057] The coating solution according to the present invention for forming transparent conductive tin oxide film can 
20 be used for carrying out coating through a typical coating method such as dip coating and spin coating. Specifically 
the solution is applied to a target portion, to thereby form a coating film of predetermined thickness, followed by drying 
and heating, to thereby readily produce transparent conductive tin oxide film. 

[0058] No particular limitation is imposed on the object to which the coating solution, according to the present inven- 
tion for forming transparent conductive tin oxide film, is applied. For example, when the coating solution is applied to 
25 a substrate forfabricating any of a variety of devices, the substrate is formed of transparent and heat-resistant material, 
preferably silica-coated glass plate, borosilicate glass plate, or quartz glass plate. 

[0059] The transparent conductive tin oxide film, which contains tin oxide as a major component and is formed from 
the coating solution according to the present invention for forming transparent conductive tin oxide film, is endowed 
with high toughness and conductivity due to a water-soluble polymer having a polar group serving as a film-forming 
30 aid. The formed film having no pinholes and microcracks exhibits excellent transparency and adhesion to the object 
of coating. 

Best Modes for Carrying Out the Invention 

35 [0060] The present invention will next be described in more detail by way of examples, which should not be construed 
as limiting the invention thereto. 

(Example 1) 

40 [0061] Tin(IV) chloride pentahydrate (SnCI 4 -5H 2 0: 7.0 g) and antimony chloride (SbCI 3 : 0.32 g) were weighed and 
placed in a 200-ml three-neck flask, and dissolved in water (35 g). Hydrochloric acid was added to the resultant mixture, 
to thereby adjustthe pH to 0.5, and the mixture was stirred sufficiently, to thereby completely dissolve antimony chloride. 
Subsequently, ammonia solution was added to the resultant solution so as to adjust the pH to 8, to thereby yield 
precipitates. The precipitates were separated through filtration, washed, and collected. 

45 [0062] Distilled water (in an amount of nine times the total amount of the precipitates) was added to the precipitates, 
to thereby yield a mixture, and 25% ammonia solution was added to the mixture so as to adjust the pH to 10.8. The 
mixture was allowed to stand for 24 hours at ambienttemperature, to thereby yield a pale, yellowish brown clear solution. 
[0063] PVA (0.41 g) was further added to the resultant solution, and the mixture was stirred sufficiently, to thereby 
yield a viscous solution. The solution was employed as a coating solution of Example 1 . 

50 

(Example 2) 

[0064] The procedure described in Example 1 was repeated, except that bismuth trichloride (0.44 g) was used instead 
of antimony chloride, to thereby produce a coating solution. 

55 

(Example 3) 

[0065] The procedure described in Example 1 was repeated, except that PVA was not added, to thereby produce a 
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coating solution. 
(Example 4) 

5 [0066] The coating solution which had been obtained in Example 3 was maintained for 50 days at ambient temper- 
ature, to thereby yield a viscous solution having increased viscosity. The resultant solution was employed as a coating 
solution of Example 4. 

(Example 5) 

10 

[0067] Tin(IV) chloride pentahydrate (7.0 g) was weighed and placed in a 200-ml three-neckflask, and was dissolved 
in water (35 g). To the solution, 25% ammonia solution was added while stirring until the pH reached 8. The resultant 
precipitates were separated through filtration, washed, and collected. Distilled water (in an amount of nine times that 
of the precipitates) was added to the precipitates, and 25% ammonia solution was added to the resultant mixture so 
15 as to adjust the pH to 10.8. The thus-obtained mixture was allowed to stand for 24 hours at ambient temperature. 

[0068] Trifluoroethanol (0.085 g) was added to the above solution (1 .0 g), and the mixture was stirred sufficiently, 
followed by addition of PVA (0.03 g). The thus-obtained mixture was stirred, to thereby yield a coating solution of 
Example 5. 

20 (Example 6) 

[0069] Pure water (30 g) was added to tin(IV) chloride pentahydrate (3.6 g) and antimony chloride (0.128 g), and 
hydrochloric acid was added to the mixture so as to adjust the pH to 0.2, to thereby completely dissolve the chlorides. 
To the resultant solution, 28% ammonia solution was gradually added so as to adjust the pH to 7, to thereby yield 

25 precipitates of stannic acid containing antimony. The mixture was centrifuged for separation of precipitates. The sep- 
arated precipitates were redispersed in pure water, and the mixture was centrifuged again. The procedure from redis- 
persion to centrifugation was repeated twice, and the thus-obtained precipitates were washed. Pure water (4.0 g with 
respect to 3.1 g of the precipitates) was added to the precipitates, and tetramethylammonium hydroxide (TMAH) was 
added to the mixture so as to adjust the pH to 1 0.8. The precipitates were immediately dissolved, to thereby yield a 

30 yellowish brown clear solution. 

[0070] Polyvinylacetamide was added in an amount of 1% to the solution, to thereby yield a coating solution. 

(Example 7) 

35 [0071] The procedure described in Example 1 was repeated, except that PVA (0.87 g) was added, to thereby yield 
a coating solution. 

(Comparative Example 1) 

40 [0072] Tin(IV) chloride pentahydrate (SnCI 4 -5H 2 0: 7.0 g) and antimony chloride (SbCI 3 : 0.32 g) were weighed and 
placed in a 200 ml three-neck flask, and distilled water (32 g) was added thereto. Hydrochloric acid was added to the 
resultant mixture while stirring so as to adjust the pH to 0.5, to thereby completely dissolve antimony chloride. The 
resultant precipitates were separated through filtration. Distilled water (37 g) was added to the precipitates, followed 
by ultrasonic dispersion, to thereby yield a coating solution. 

45 

(Comparative Example 2) 

[0073] In a dry nitrogen atmosphere, triethanolamine (TEA: 0.2 g) was added to ethanol (16.8 g), and the mixture 
was stirred. To the mixture, tin butoxide (Sn(0(n-C 4 H 9 )) 4 ) (2.29 g), antimony butoxide (Sb(0(i-C 4 H 9 )) 4 ) (0.10 g). and 
50 TEA (0.3 g) were added. Subsequently, distilled water (0.6 ml) was gradually added dropwise to the mixture, followed 
by sufficient stirring, to thereby yield a coating solution. 

(Comparative Example 3) 

55 [0074] The procedure described in Example 1 was repeated, except that polyethylene glycol 2000 (0.29 g) was used 
instead of PVA, to thereby yield a coating solution. 
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<Test Example 1> 

[0075] Each of the coating solutions of Examples 1 -5 and Comparative Examples 1 -3 was applied to an Si0 2 -coated 
soda glass substrate through dip-coating at a withdrawal speed of 5 cm/minute. 
5 [0076] Subsequently, each of the substrates was dried at 1 00°C for 30 minutes and heated at 600°C for 1 hour, to 
thereby yield transparent tin oxide film. 

[0077] Each of the coating solutions of Examples 6 and 7 was applied on a similar glass substrate through spin- 
coating at 500 rpm, and the thus-coated glass substrate was heated at 550°C for 40 minutes. 

[0078] The obtained transparent tin oxide film samples were subjected to measurements of specific resistance, trans- 
10 mittance, and film thickness. Moreover, film quality of each tin oxide film sample was evaluated through optical micro- 
scopic observation of the presence or absence of defects such as pinholes and microcracks. The following ratings 
were assigned: AA: No pinholes or microcracks were observed; BB: few pinholes or microcracks were observed; and 
CC: a number of pinholes or microcracks were observed. The results are shown in Table 1 . 

15 [Table 1] 





Specific Resistance (Q-cm) 


Transmittance (%) 


Film Quality 


Film Thickness (nm) 


Example 1 


3.73X10' 3 


93 


AA 


290 


Example 2 


6.56 X10" 3 


92 


AA 


280 


Example 3 


5. 17X10" 1 


90 


BB 


60 


Example 4 


1.15X10" 2 


93 


AA 


120 


Example 5 


1.53X10-2 


90 


AA 


250 


Example 6 


3.17X10" 3 


92 


AA 


260 


Example 7 


3.15X10-3 


92 


AA 


510 


Comp. Ex. 1 


3.55X10-2 


89 


CC 


160 


Comp. Ex. 2 


5.15X10" 2 


87 


CC 


170 


Comp. Ex. 3 


3. 15X10-"" 


91 


CC 


190 



[0079] From the results, it is apparent that the present invention can provide a transparent conductive tin oxide film 
endowed with low specific resistance and high transmittance without any pinholes or microcracks. Conditions such as 
35 the method for applying a coating solution, the drying temperature of the coating solution, and the heating temperature 
of the coating solution are not limited to the above-described Examples. However, generally, a drying temperature 
within the range of 90°C to 1 00°C, and a heating temperature within the range of 400°C to 700°C are preferred. 



40 Claims 

1. A coating solution for forming transparent conductive tin oxide film, which solution is intended to be usedforforming, 
through a coating method, transparent conductive film predominantly containing tin oxide, characterized by com- 
prising an aqueous solution containing stannic acid as its major component, and a water-soluble polymer having 

45 a polar group, which polymer is dissolved in the aqueous solution in the presence of at least one compound selected 

from the group consisting of ammonia and a water-soluble amine. 

2. A coating solution for forming transparent conductive tin oxide film according to claim 1 , wherein the stannic acid 
is obtained by dissolving, in water, a hydroxide (stannic acid) obtained through hydrolysis of a tin compound se- 

50 lected from the group consisting of tin halides, organotin halides, stannate salts, and esters containing tin. 

3. A coating solution for forming transparent conductive tin oxide film according to claim 2, wherein the tin compound 
is a tin chloride. 

55 4. A coating solution for forming transparent conductive tin oxide film according to any one of claims 1 to 3, wherein 
the water-soluble polymer having a polar group is at least one species selected from the group consisting of poly 
(vinyl alcohol) (PVA), polyvinylacetamide (PNVA), polyvinylformamide (PNVF), polydimethylacrylamide (PDMAA), 
polyacrylamide(PAAM) : polyacrylmorpholine(PAM), hydroxyethyl cellulose (HEC), hydroxypropylcellulose(HPC), 
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and carboxymethyl cellulose (CMC). 

5. A coating solution for forming transparent conductive tin oxide film according to any one of claims 1 to 4, wherein 
the water-soluble polymer having a polar group is contained in an amount of 0.1-5 wt.%. 

5 

6. A coating solution for forming transparent conductive tin oxide film according to any one of claims 1 to 5, wherein 
the pH of the solution is 1 0 or more. 

7. A coating solution for forming transparent conductive tin oxide film according to any one of claims 1 to 6, wherein 
10 the water-soluble amine is at least one species selected from the group consisting of tetramethylammonium hy- 
droxide, triethylamine, diethylamine, trimethylamine, and dimethylamine. 

8. A coating solution for forming transparent conductive tin oxide film according to any one of claims 1 to 7, wherein 
the solution contains, as a dopant, a water-soluble compound containing at least one of antimony, bismuth, and 

15 niobium. 

9. A coating solution for forming transparent conductive tin oxide film according to any one of claims 1 to 8, wherein 
the solution contains a water-soluble organic compound containing fluorine as a dopant. 

20 10. A transparent conductive tin oxide film, characterized by being formed by dissolving a water-soluble polymer 
having a polar group in an aqueous solution containing stannic acid as its major component and in the presence 
of at least one compound selected from the group consisting of ammonia and a water-soluble amine, to thereby 
form a transparent coating solution; applying the coating solution onto an object; and drying and heating the object 
to yield a tin oxide film. 

25 

11. A transparent conductive tin oxide film according to claim 10, wherein the water-soluble polymer having a polar 
group is at least one species selected from the group consisting of polyvinyl alcohol) (PVA), polyvinylacetamide 
(PNVA), polyvinylformamide (PNVF), polydimethylacrylamide (PDMAA), polyacrylamide (PAAM), polyacrylmor- 
pholine (PAM), hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), and carboxymethyl cellulose (CMC). 

30 

1 2. A transparent conductive tin oxide film according to claim 1 0 or 1 1 , wherein the film contains, as a dopant, a water- 
soluble compound containing at least one of antimony, bismuth, and niobium. 

13. A transparent conductive tin oxide film according to any one of claims 10 to 12, wherein the film contains a water- 
35 soluble organic compound containing fluorine as a dopant. 

14. A transparent conductive tin oxide film according to any one of claims 10 to 13, wherein the film has a specific 
resistance of less than 1 x 10 -2 Q-cm. 

40 15. A method for producing transparent conductive tin oxide film, characterized by comprising dissolving a water- 
soluble polymer having a polar group in an aqueous solution containing stannic acid as its major component and 
in the presence of at least one compound selected from the group consisting of ammonia and a water-soluble 
amine, to thereby form a transparent coating solution; applying the coating solution to an object to thereby form 
a coating film; and drying and heating the coating film, to thereby form transparent conductive tin oxide film. 

45 

1 6. A method for producing transparent conductive tin oxide film according to claim 1 5, wherein the transparent coating 
solution comprises a hydroxide (stannic acid) dissolved in the solution, which hydroxide has been obtained through 
hydrolysis of a tin compound selected from the group consisting of tin halides, organotin halides, stannate salts, 
and esters containing tin. 

50 

17. A method for producing transparent conductive tin oxide film according to claim 16, wherein the tin compound is 
a tin chloride. 

18. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 17, wherein the 
55 water-soluble polymer having a polar group is at least one species selected from the group consisting of polyvinyl 

alcohol) (PVA), polyvinylacetamide (PNVA), polyvinylformamide (PNVF), polydimethylacrylamide (PDMAA), poly- 
acrylamide (PAAM), polyacrylmorpholine (PAM), hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), 
and carboxymethyl cellulose (CMC). 
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19. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 18, wherein the 
water-soluble polymer having a polar group is contained in an amount of 0.1-5 wt.%. 

20. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 19, wherein the 
water-soluble amine is at least one species selected from the group consisting of tetramethylammonium hydroxide, 
triethylamine, diethylamine, trimethylamine, and dimethylamine. 

21. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 20, wherein the 
transparent coating solution contains, as a dopant, a water-soluble compound containing at least one of antimony, 
bismuth, and niobium. 

22. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 21 , wherein the 
transparent coating solution contains a water-soluble organic compound containing fluorine as a dopant. 

23. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 22, wherein the 
coating film is dried at 90°C to 1 00°C. 

24. A method for producing transparent conductive tin oxide film according to any one of claims 15 to 23, wherein the 
coating film is heated at 400°C to 700°C. 
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